A novel Gram-stain-negative, obligately aerobic, non-motile and coccus-shaped bacterium, designated strain CN1 T , was isolated from the intestine of a Korean rockfish, Sebastes schlegelii. The optimum growth condition for strain CN1
The Korean rockfish, Sebastes schlegelii, is a predatory species of small fishes in northern Asia (Aramli et al., 2015) , and the fish are an important resource for both the wild fishery and aquaculture in Korea, Japan and China. The annual aquaculture production of Korean rockfish reached 17 338 t (MFAFF, 2013) . However, Korean rockfishes are broadly infected with parasitic nematodes of the genus Anisakis. As the Anisakis nematode invades the flesh from the gut of fish, several bacterial pathogens, which are components of the fish gut microbiota, migrate with the Anisakis and cause spoilage of the fillet (Svanevik et al., 2013) . Thus, to increase commercial fish production and to prevent food poisoning, a better understanding of the intestinal bacterial pathogens is worthwhile. Therefore, the first requirement is to identify and study the novel microbes in fish intestinal tracts to elucidate the symbiosis and the pathogenesis between the gut bacteria and the host fishes. As part of our ongoing investigations of the gut microbiota of Korean rockfish, we isolated strain CN1
T , a novel Comamonas-like strain.
The genus Comamonas, which was proposed by De Vos et al. (1985) , is in the family Comamonadaceae. The genus Comamonas has 19 species with validly published names at the time of writing, which were found in a variety of environments, for example Comamonas koreensis (Chang et al., 2002) isolated from wetlands, C. jiangduensis (Sun et al., 2013) and C. humi (Hatayama, 2014) isolated from soils, C. guangdongensis isolated from subterranean forest sediments, and C. serinivorans (Zhu et al., 2014) isolated from compost. Members of the genus Comamonas are rod-shaped, Gram-stain-negative, oxidaseand catalase-positive, aerobic or facultatively anaerobic, and the primary respiratory quinone is ubiquinone-8 (Q-8). In the genus Comamonas, the DNA G+C contents range from 63-66 mol% (Willems & Gillis, 2005) .
As the source of isolation, the intestinal tract of a Korean rockfish was homogenized and diluted to 10
21
, 10
22 and 10 23 with filtered phosphate-buffered saline. The diluted solutions were spread onto nutrient agar (NA; Difco) and were incubated for 1 week at 20 8C in aerobic conditions. To obtain the pure culture, we repeated the cultivation of single colonies more than three times. All tests were conducted in triplicate. For phylogenetic analysis, the 16S rRNA genes were amplified with the colony PCR method, following the conditions of Kim et al. (2013) with a PCR premix (iNtRON Biotechnology) and two universal bacterial primers, 27F (59-AGAGTTTGATCCTGGCTCAG-39) and1991). The PCR product was sequenced with a BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) and four universal bacterial sequencing primers, 27F (59-AGAGTTTGATCMTGGCTCAG-39), 785F (59-GGATTAGATACCCTGGTA-39), 800R (59-TACCAGG-GTATCTAATCC-39) and 1492R (59-TACGGYTACCTTGT-TACGACTT-39). The reaction mixtures were analysed using an automated system (PRISM 3730xl DNA analyser; Applied Biosystems), and the sequenced fragments were assembled with SeqMan (DNASTAR). A near-full-length sequence of the 16S rRNA gene of strain CN1
T was compared with other bacterial 16S rRNA gene sequences using the EzTaxon-e database (Kim et al., 2012) . Strain CN1 T showed highest 16S rRNA gene sequence similarity with Comamonas koreensis YH12 T (98.65 %). To investigate the phylogenetic distance, the 16S rRNA gene sequences of strain CN1
T were aligned with the sequences of species that had .95 % similarity with strain CN1
T and strains of C. koreensis using the multiple alignment program CLUSTAL W (Thompson et al., 1994) . Based on the 16S rRNA gene sequence alignments, phylogenetic trees were reconstructed with the neighbour-joining (Saitou & Nei, 1987) , maximum-parsimony (Kluge & Farris, 1969) and maximum-likelihood (Felsenstein, 1981) algorithms with 1000 bootstrap replications using the MEGA 5 software package (Tamura et al., 2011) . In the conjoined, phylogenetic consensus tree, the novel isolate formed a monophyletic cluster with other members of the genus Comamonas (Fig. 1) , and strain CN1
T and C. koreensis YH12 T were identified as being in a monophyletic clade (Fig. S1 , available in the online Supplementary Material). Based on the phylogenetic similarity, C. koreensis was selected as the reference species. Additionally, for determination of chemotaxonomic and biochemical characteristics, Comamonas terrigena, type species of the genus Comamonas, was used for identifying representative characteristics of the genus Comamonas. C. koreensis KCTC 12005 T and C. terrigena KCTC 2989 T were obtained from the Korean Collection for Type Cultures (KCTC).
A growth condition test was performed to determine the optimal growth conditions and the range of conditions for growth of the isolate. Strain CN1
T was inoculated into nutrient broth (NB; Difco), and the cultivation was performed at different temperatures (4, 10, 15, 20, 25, 30, 37, 45, 55 and 65 8C) . Growth at different pH (4.0-10.0, at intervals of 1.0 pH unit) was tested in NB at 25 8C. The pH of each medium was adjusted with 6 M HCl solution and 1 M NaOH solution with 10 mM MES (for pH 4, 5 and 6), with 10 mM TAPS (for pH 7, 8 and 9) or with 10 mM Na 2 HPO 4 (for pH 10). The salinity tolerance was determined in NB medium with different concentrations of NaCl (0, 1, 2, 3, 4, 5, 6, 8, 10, 12 and 15 %, w/v) . To determine the growth rate of the isolate, the turbidity of each culture was measured at OD 600 using a spectrophotometer (SYNERGY MX; BioTek) after incubation for 24 h, 48 h and 7 days, according to the method of Hyun et al. (2014) . Based on these tests, strain CN1
T grew at 10-30 8C, at pH 6-10 and in the presence of 0-3 % NaCl.
The optimal growth condition was 25 8C, pH 7 and 0-1 % NaCl. Anaerobic growth was tested in a mixed gas (N 2 /H 2 / CO 2 ; 90 : 5 : 5, by vol.), charged anaerobic chamber (Sheldon Manufacturing) for 3 days at 25 8C. Although C. koreensis KCTC 12005
T grew in anaerobic conditions, strain CN1
T did not grow in anaerobic conditions. Unless stated otherwise, all experiments were performed with optimal growth conditions and an incubation time of 48 h.
To determine the morphological properties, Gram-staining and a motility test were conducted. The Gram-stain was performed with a Gram-staining kit (bioMérieux), according to the manufacturer's instructions, and the stained cells were observed with a light microscope (ECLIPSE 50i; Nikon). The motility test was conducted with a semisolid NA (with 0.4 % agar) (Tittsler & Sandholzer, 1936) for 7 days. Cells of the isolate were coccus-shaped (0.6-0.7 mm in diameter), Gram-stain-negative and non-motile.
The activities of different enzymes were determined to identify the biochemical characteristics of strain CN1
T . Catalase activity was identified by bubble production in 3 % (v/v) hydrogen peroxide, and oxidase activity was determined with 1 % (w/v) tetramethyl-p-phenylenediamine (bioMérieux). Strain CN1
T was both catalase-and oxidase-positive. API ZYM and API 20NE test strips (bioMérieux) and GN2 MicroPlates (Biolog) were used to assay enzyme activity and sole carbon source use, according to the manufacturers' instructions; results are presented in Table 1 .
To determine the chemotaxonomic properties of strain CN1 T , the cellular fatty acids, polar lipids and isoprenoid quinones were analysed. Chemotaxonomic analyses were performed using cell biomass of the isolate and the reference strains of the same physiological age (stationary growth phase). The cells were incubated under optimal growth conditions and an incubation time of 48 h. The cellular fatty acids of strain CN1 T , C. koreensis KCTC 12005 T and C. terrigena KCTC 2989 T were extracted using the protocol of the Sherlock Microbial Identification System (MIDI, 1999) and were identified using the Microbial Identification software package (Sherlock version 6.0B) (Sasser, 1990) based on the TSBA6 library (Sasser, 1990) . The primary cellular fatty acids (.5 %) of strain CN1
T were summed feature 3 (composed of C 16 : 1 v7c and/or C 16 : 1 v6c; 42.78 %), C 16 : 0 (26.26 %) and summed feature 8 (composed of C 18 : 1 v6c and/or C 18 : 1 v7c; 15.38 %). The complete fatty acid profiles of the isolate and C. koreensis KCTC 12005 T are presented in Table 2 . The polar lipids of strain CN1 T and C. koreensis KCTC 12005
T were extracted according to the method of Xin et al. (2000) . Two-dimensional thinlayer chromatography on silica gel 60 F 254 plates (Merck) was used to separate the extracted polar lipids. The first dimension (from left to right) solvent was chloroform/ methanol/water (65 : 25 : 4, by vol.), and the second dimension (from bottom to top) solvent was chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). To identify the polar lipids, plates were sprayed with 10 % ethanolic Acidovorax caeni R-24608 T (AM084006)
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Burkholderia cepacia W. Kang and others molybdatophosphoric acid reagent (for total lipids), ninhydrin reagent (for amino-containing lipids) and Zinzadze reagent (for phospholipids) (Tindall, 1990) . Particularly for the identification of phospholipids, a one-dimensional silica-gel TLC was additionally performed with chloroform/methanol/acetic acid/water (50 : 6 : 6 : 1, by vol.) solvent, and the phospholipids of strain CN1 T and C. koreensis KCTC 12005 T were measured against four standard compounds (Sigma): phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine and diphosphatidylglycerol. Both strain CN1 T and C. koreensis KCTC 12005 T had polar lipid profiles that shared phosphatidylglycerol, phosphatidylethanolamine, an unidentified amino-containing phospholipid (APL2) and an unidentified lipid (L1); however, strain CN1
T also contained an additional unidentified amino-containing phospholipid (APL1) and an unidentified phospholipid (PL1), which were not detected in C. koreensis KCTC 12005 T (Fig. S2) . The isoprenoid quinones were extracted with the method of Collins & Jones (1981) , and the quinone solution was centrifuged to settle and remove impurities. The supernatant compounds were identified by HPLC with a Thermo ODS HYPERSIL (25064.6 mm) column. Ubiquinone-8 (Q-8) was the primary isoprenoid quinone of strain CN1 T .
Genomic DNA was isolated from strain CN1 T for genotypic analysis as described by Rochelle et al. (1992) . The DNA G+C content was estimated with the fluorimetric method (Gonzalez & Saiz-Jimenez, 2002) with SYBR Gold I (Invitrogen) and CFX96 Real-time PCR Detection System (Bio-Rad Laboratories). As calibration references, genomic DNAs of Bacteroides thetaiotaomicron JCM 5827 T (42.9 mol%), Ruegeria pomeroyi DSM 15171 T (64.1 mol%), Bacteroides fragilis JCM 11019 T (43.1 mol%) and Streptococcus parasanguinis DSM 6778 T (41.7 mol%) were used. The DNA G+C content of strain CN1 T was 65.5 mol%. To determine the genetic relatedness between strain CN1
T and C. koreensis KCTC 12005 T , DNA-DNA hybridization (DDH) was performed with a genomeprobing microarray (Bae & Park, 2006; Bae et al., 2005; Chang et al., 2008) . The DDH value was calculated from the signal-to-noise ratio of the genomic probes (Loy et al., 2005) . The hybridization value was 14.3¡2.0 % 
(22.9¡3.0 % in reciprocal) between strain CN1 T and C. koreensis KCTC 12005
T . These data indicated that the two strains were different genotypically, because the DDH value was below the novel genotypic species threshold of 70 % (Wayne et al., 1987) .
In conclusion, the phylogenetic, phenotypic and genotypic analyses suggested that strain CN1
T represents a novel species of the genus Comamonas, for which the name Comamonas piscis sp. nov. is proposed.
Description of Comamonas piscis sp. nov.
Comamonas piscis (pis9cis. L. gen. masc. n. piscis of a fish, isolated from the intestinal tract of a Korean rockfish, Sebastes schlegelii).
Cells are obligately aerobic, Gram-stain-negative, non-motile and coccus-shaped (diameter 0.6-0.7 mm). Colonies are circular and a translucent pale yellow on NA medium after 48 h at 25 uC. Growth occurs at 10-30 uC, at pH 6-10 and in the presence of 0-3 % (w/v) NaCl. The optimal growth conditions are pH 7, 0-1 % (w/v) NaCl and 25 uC. Cells are positive for catalase and oxidase activity. Utilizes glycogen, pyruvic acid methyl ester, succinic acid monomethyl ester, acetic acid, a-hydroxybutyric acid, b-hydroxybutyric acid, c-hydroxybutyric acid, a-ketobutyric acid, a-ketoglutaric acid, a-ketovaleric acid, DL-lactic acid, propionic acid, sebacic acid, succinic acid, bromosuccinic acid, succinamic acid, D-alanine, Lasparagine, L-aspartic acid, L-glutamic acid, glycyl L-glutamic acid, L-leucine, L-proline, L-pyroglutamic acid, L-serine and L-threonine. The following enzyme activities and reactions are positive: assimilation of adipic acid and malic acid, reduction of nitrates to nitrogen, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. Negative for lipase (C14), valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, a-glucuronidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. The primary cellular fatty acids are summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c), C 16 : 0 and summed feature 8 (comprisingC 18 : 1 v6c and/or C 18 : 1 v7c). The polar lipids are phosphatidylglycerol, phosphatidylethanolamine, an unidentified lipid, an unidentified phospholipid and two amino-containing phospholipids. The predominant isoprenoid quinone is ubiquinone-8.
The type strain is CN1 T (5KACC 18403 T 5JCM 30718 T ), isolated from the intestine of a Korean rockfish, Sebastes schlegelii. The DNA G+C content of the type strain is 65.5 mol%.
